Cross sections for the 3 He͑e, e 0 pp͒n reaction were measured at an energy transfer of 220 MeV and three-momentum transfers q of 305, 375, and 445 MeV͞c. Results are presented as a function of q and the final-state neutron momentum for slices in specific kinematic variables. At low neutron momenta, comparison of the data to results of continuum Faddeev calculations performed with the Bonn-B nucleon-nucleon potential indicates a dominant role for two-proton knockout induced by a one-body hadronic current. PACS numbers: 25.10. + s, 21.30.Fe, 21.45. + v, 25.30.Fj The ground-state properties of few-nucleon systems are an excellent testing ground for models of the nucleonnucleon (NN) interaction. Calculations of the structure of few-nucleon systems have successfully been performed with realistic NN potentials, both phenomenological ones and those based on the exchange of mesons and including a phenomenological description of the short-range NN behavior [1, 2] . The parameters of these models were fitted to the phase shifts obtained from NN scattering data. Significant advances in solving the three-nucleon (3N) continuum [3] currently allow exact calculations of electron-induced reactions leading to the breakup of the trinucleon system [4, 5] . The exclusive 3 He͑e, e 0 NN͒N reaction is sensitive to details of the initial nuclear state, as well as to the reaction mechanism and rescattering effects in the final state. The threefold coincidence experiments necessary to measure the cross sections for these reactions have recently proven feasible [6, 7] .
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At intermediate electron energies, the cross section for electron-induced two-nucleon knockout is driven by several processes. The NN interaction induces initial-state correlations between nucleons, and therefore the coupling of a virtual photon to one of these nucleons via a one-body hadronic current can lead to knockout of both nucleons. The interaction of the virtual photon with two-body currents, either via coupling to mesons or via intermediate D excitation, will also contribute to the cross section. This contribution is especially expected to be large if the virtual photon couples to a proton-neutron pair. In addition, final-state interactions (FSI) among the fragments after absorption of the virtual photon influence the two-nucleon knockout cross section. By studying the dependence of the cross section on various kinematic quantities one attempts to unravel the tightly connected properties of the NN interaction, short-range correlations, two-body currents, and FSI. In this Letter we present results of a 3 He͑e, e 0 pp͒n experiment that was performed in the dip region, i.e., the kinematic domain in between the peaks due to quasielastic scattering and D excitation.
The measurements were performed with the high dutyfactor electron beam extracted from the Amsterdam Pulse Stretcher ring at NIKHEF [8] . The incident electrons had an energy of 564 MeV. A cryogenic, high-pressure barrel cell containing gaseous 3 He was used. The luminosity amounted to 5 3 10 35 atoms cm 22 s 21 . The scattered electrons were detected in a magnetic spectrometer with a momentum acceptance of 9.5% and a solid angle of 15 msr [9] and the emitted protons in highly segmented plastic scintillator arrays [10] . The kinematic settings of the spectrometer correspond to a virtual-photon energy of v 220 acceptances of the first and second scintillator arrays are 611 ± and 620 ± , respectively. The central value of g 2 was chosen such that each configuration includes the point for which the neutron is left at rest. The detection threshold of the proton detectors was 72 and 48 MeV for the kinetic energy of the protons emitted in forward and backward direction, respectively.
Accidental coincidences were subtracted from the measured yield via a procedure described in Ref. [11] . The data were corrected for electronics dead time and for inefficiencies due to multiple scattering and inelastic processes of the protons in the detection systems. The cross section was obtained by normalizing the yield to the detection volume and integrated luminosity. The results are presented as a function of the missing momentum j p m j j q 2 p At missing energies
below the pion production threshold the kinematics of the 3 He͑e, e 0 pp͒n reaction is completely determined, as p 0 3 ϵ p m . The measured missing-energy spectrum contains a peak, corresponding to the three-body breakup of 3 He, which has a width of 6 MeV (FWHM) due to resolutions of the detectors. Strength has been shifted from this peak towards higher missing energies due to radiative processes. The ninefold differential cross section was integrated over a range in excitation energy up to 14 MeV, taking into account the Jacobian ≠T p 0 2 ͞≠E m . The strength beyond this cutoff was estimated with a formalism similar to that for the ͑e, e 0 ͒ reaction [12] and applied as an overall correction factor to the data.
In all figures only the statistical errors are indicated. The systematic error on the cross section is 7%. It is mainly determined by the uncertainty in the integrated luminosity (3%), in the correction applied for hadronic interactions and multiple scattering in the proton detectors (6%), and in the determination of the electronics dead time (2%).
The data are compared to results of Faddeev calculations [4] , where both the three-nucleon bound state and final-state wave functions are exact solutions of the 3N Faddeev equations solved in a partial-wave decomposition using the Bonn-B NN interaction. By including the rescattering contributions to all orders in the continuum, final-state interaction effects are taken into account completely. To ensure convergence of the calculations, NN force components are included up to two-body angular momenta j 3.
Two types of calculations were performed. The first one employs only a one-body hadronic current operator. The other one also includes processes, in which the virtual photon interacts with a p or r meson (MECs), either in-flight or in a nucleon-meson vertex. To accomplish this, the hadronic current operator is augmented with additional currents j p and j r as proposed by Schiavilla et al. [13] . At the vertices, cutoff parameters L p 1.7 GeV and L r 1.85 GeV have been introduced for the p and r meson-exchange interactions to take the finite size of baryons and mesons into account. In the case of direct two-proton knockout, the contribution of MECs to the cross section is suppressed, as the virtual photon-to first relativistic order-cannot interact with a neutral meson exchanged in a pp system. Also excitation of the D resonance followed by its nonmesonic decay has to be considered. The contribution of this process strongly depends on the invariant mass W gNN of the virtual photon plus two-nucleon system. In a direct reaction mechanism, i.e., at low p m , this is equal to the invariant mass of the two-proton system in the [14] . At present this process is not included in the calculations.
The calculation of the differential cross section was performed in two stages. The process of solving the Faddeev equations, which is computationally the most involved, was performed once per given ͑v, q͒ setting. Cross sections could subsequently be calculated for specific three-nucleon final states, determined by p 0 1 and p 0 2 . This is especially important when comparing theoretical predictions to data obtained with large-acceptance detectors, since the cross section varies significantly within the phase space covered by the experimental detection volume. An orthogonal grid in the laboratory quantities ͑u 1 , f 1 , u 2 , f 2 , T 1 ͒ was employed to compute the cross section in each bin by averaging over the contributing part of the experimental phase space. A sufficiently large number of grid points (2.5 3 10 6 points per setting) was taken to ensure convergence within 5%.
The cross section measured at q 305 MeV͞c is shown in Fig. 1 as a function of the neutron momentum in the final state, which reflects the neutron momentum distribution for a specific range of pp relative momenta. In the case of direct two-proton knockout relative momenta around 300 MeV͞c per nucleon are probed in the measured configuration. The three panels correspond to different ranges in g 1 line also includes contributions due to MECs. As can be seen in the middle panel, for p m & 100 MeV͞c there is a fair description of the data by the solid curve and the contribution due to MECs is almost negligible.
At higher missing momenta calculations including only one-body currents fall short by about a factor of 5. The discrepancy between data and calculations is likely to be due to two-body hadronic processes, which involve coupling of the virtual photon to a proton-neutron system in the initial state, thus generating neutrons with a large momentum in the final state. This is reflected in the increase of the MEC contribution from 5% to 40% of the calculated cross section towards high p m , which is clearly not enough to explain the discrepancy with the data. In this domain the invariant mass W p 0 1 n 0 is around 2130 MeV͞c 2 , which is close to the resonant mass of the ND system. Therefore isobar currents are expected to give a sizable contribution.
It should be noted that-for a fixed value of p m -the angle g 1 implicitly defines the kinematic configuration of the final state, provided that the direction of p As mentioned before, the influence of such an FSI configuration is already apparent in Fig. 1 at p The cross section data presented in Fig. 2 show an increase as p 0 13 approaches 0 MeV͞c. This trend is well reproduced by the continuum Faddeev calculations which include rescattering among the three outgoing nucleons. Figure 3 shows the dependence of the cross section on the three-momentum transfer q. As the cross section is For 20 , p m , 120 MeV͞c the reaction can be considered as a direct process, leaving the spectator neutron "at rest" in the final state. The measured cross section decreases by a factor of 4 between q 305 and 375 MeV͞c. The agreement in size and slope between the data and the continuum Faddeev calculations performed with a onebody hadronic current suggests that in this domain the cross section is dominated by knockout of correlated proton pairs. For 120 , p m , 220 MeV͞c theory underestimates the data for all three q values by a factor of 5.
In conclusion, differential cross sections for the 3 He͑e, e 0 pp͒ reaction were measured at v 220 MeV and q 305, 375, and 445 MeV͞c with good statistical accuracy. The measured cross section decreases roughly exponentially as a function of p m in the domain from 10 to 350 MeV͞c. Continuum Faddeev calculations using the Bonn-B NN potential, which include rescattering of the outgoing nucleons to all orders and also take mesonexchange currents into account, describe the data reasonably well for p m , 100 MeV͞c. However, an increasing discrepancy up to a factor of 3 is observed at larger p m values. In this domain meson-exchange currents account for 40% of the calculated cross section and also intermediate D excitation, especially in the pn system, is expected to contribute strongly to the cross section in this domain. Comprehensive treatment of intermediate D excitation in the calculations is needed for a detailed interpretation of the data in this high p m region. Rescattering of the nucleons in the final state influences the cross section in specific kinematic orientations; within such a subset of the data, the observed trend is well reproduced by the results of the continuum Faddeev calculations.
At small p m values the dependence of the cross section on q is indicative for direct knockout of two protons by a virtual photon. The fair agreement between the data and calculations based on a one-body hadronic current indicates that in this domain the cross section mainly originates from knockout of two correlated protons. This opens the opportunity to exploit this low p m domain for a detailed study of pp correlations in few-nucleon systems.
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